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Abstract 
The performance of piezoelectric transducers is affected by variation of the acoustic loads. Correction of the excitation frequency 
are needed to maintain the performance. This paper presents an algorithm for dynamic correction of the operating frequency 
based on adaptive systems able to correct the frequency applying artificial intelligence techniques to a survey of impedance 
profiles. When the impedance is changed, a searching of similar values is performed in previously stored files and an iterative 
process finds the final frequency closer to the original impedance for the required performance. Simulations has been carried out 
using electric models. The results show the system is robust and the average response time is 6 ms.  
© 2015 The Authors. Published by Elsevier B.V. 
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1. Introduction 
Piezoelectric transducers used in ultrasonic applications are excited by either continuous wave at frequencies near 
the resonance or pulsed electrical signals. In systems developed for high power applications, the operation frequency 
is set between the resonance and anti-resonance because at this range the electrical behavior of the transducer is 
inductive and this is required for the operation of class D electronic amplifiers that, in general, are used as drivers 
(Agboussou et al., 2000). The severe slope of the impedance curve indicates that small variations in the 
characteristics of the transducers causes important deviations in the electric current supplied by the electronic 
circuitry and, as consequence, decreasing in the performance of the transducer. 
These variations consist of resonance shifting, changing in the modulus values, and arising of new resonances. 
The literature reports that several factors may cause these variations: high levels of voltage (Dubus et al., (2002)), 
temperature (Umeda et al., (1999)), mechanical pre-stressing (Arnold and Mühlen, (2001)) and fluctuations of 
acoustic load (Shuyu, (2005); Arnold et al., (2014)). Often, these effects are detected when an ultrasonic high power 
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system is under operation, thus the electronic circuits must be enabled for performing the dynamic corrections of 
frequency and electric power. These corrections are needed to maintain the performance of the transducer. 
Most of the systems tracks the resonance using a phase-locked loop (PLL) technique. The general principle of 
these systems considers that transducers are tuned at frequencies with a phase difference known. An electronic 
circuit converts this phase difference into a proportional voltage. Whatever, the phase difference is changed, a 
voltage-controlled oscillator (VCO) adjusts a new oscillating frequency, so that initial phase is recovered. Ishikawa 
et al. (1997) presents a PLL system for the excitation and frequency control of an ultrasonic transducer at 3 MHz. 
Ramos-Fernandez et al. (1985) shows this technique using analog circuits for tracking the resonance of high power 
piezolectric transducers. Mortimer et al. (2011) have used the maximum admittance as reference to search the 
resonance.  Kuang et al. (2014) have developed a sophisticated system based on LabView graphical programming 
software that allows the controlling of the resonance in a large range of frequencies. 
This paper presents an algorithm for dynamic correction of the operating frequency based on the analysis and 
design of adaptive systems able to correct the frequency using artificial intelligence techniques. The algorithm 
performs a dynamic searching in several pre-stored files containing data of electric impedance obtained from 
transducers coupled to acoustic loads. The goal is to find new frequencies with values of impedance closed to the 
one before the variation occurs. The tests of the system have been simulated using an electric model of a 
piezoelectric transducer. 
2. Description of the system 
Fig. 1 shows a block diagram of the system for controlling the frequencies. 
 
 
Fig. 1. Block diagram of the system. 
Firstly, the oscillator is set with an initial frequency. The generated voltage by the oscillator is amplified by 
power driver and supplies the transducer. Sensors sense the current and voltage and determines the impedance of the 
transducer. When the impedance is changed by variation of the acoustic load, for instance, a searching of similar 
impedance values is run in the files previously stored in the computer. After that, from these selected values, an 
iterative process finds the final frequency that is closer than the original impedance for the required performance. 
The computer acts on a digital potentiometer that defines the oscillating frequency of the oscillator. 
3. Materials and methods 
The simulation of the developed system starts with the determination of curves of electric impedance modulus as 
function of frequency. These curves were determined by simulation of the electric impedance from Butterworth-Van 
Dyke model (BVD) electric circuit (Fig. 2). We used a transducer with resonance at nearly 25 kHz in parallel with 
an inductor for the tests. Shifting of resonances and increasing of minimum impedance at resonance from impedance 
curves are simulated by variating C1 and R1 from 341.25 pF to 411.25 pF and from 39.7 Ω to 109.7 Ω, 
simultaneously, in uniform steps. A sequence of impedance variations has been generated to evaluate the system.  
The flowchart of the system is shown in Fig. 3. 
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Fig. 2. Butterworth - Van Dyke model used in the simulations. 
 
Fig. 3. The flowchart of the system.  
4. Results and discussion 
Table I presents a summary of the performed test. Fig. 4 shows the curves of electric impedance as function of 
the frequency and points out the new frequency operation values obtained by software.  
There is not important deviation from the impedance original value (179.2 Ω). The system is robust and the 
average response times is around 6 ms. In addition, preliminary results show that the technique presented can be 
satisfactorily used in systems for dynamic correction of frequency of piezoelectric transducers. 
5. Conclusion 
A computational system for controlling the frequencies of operation of an ultrasonic generator has been 
developed and tested. The preliminary tests shows that the average response time of the system is very fast. Reaction 
time of the system guarantees a good performance of the ultrasonic system avoiding significant intervals of time 
tranducer working on low efficiency. Electronic implementation of the hardware will be developed in the future 
steps of the research. 
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Table I. Sequence of electric impedance variations and frequencies obtained by simulation. 
Step Impedance (Ω) Impedance variation (ΔΩ) Frequency (kHz) 
1 179.2 0.0 25.7 
2 157.3 510.0 25.5 
3 
4 
5 
6 
7 
8 
252.1 
210.7 
167.0 
214.4 
179.2 
159.2 
828.0 
566.0 
700.0 
950.0 
190.0 
310.0 
25.2 
25.0 
24.8 
24.5 
25.7 
24.3 
 
Fig. 4. Curves of impedance modulus as function frequency of the transducer.  
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